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Memoro pobomu € po3poOKa KepaM3UTOOECTOHIB JIJIT TOHKOCTIHHHUX
KOHCTPYKIIIH ~ MOPCBKHUX  TIAPOTEXHIYHUX  CIOpPYA, 30KpeMa  IUIaBy4HX
3aJ11300€TOHHUX, 3 MIJABUIIEHOIO JIOBFOBIUHICTIO B YMOBaX KOMIUIEKCHOI AOii
CepelIOBUIIA EKCIUTyaTallii 3a paXyHOK BUKOPUCTAHHS palllOHAIbHUX TUITIB IIEMEHTIB,
cynepriacTu(iKaTopy i MOPUCTUX IMICKIB.

Y 6cmyni o0rpyHTOBaHO BUOIp TEMU JOCHIIKEHHS, 11 aKTYalbHICTh, MOKa3aHUM
3B'SI30K POOOTH 3 HAYKOBUMH MpOTpaMaMu, MIaHAMH, TEMaMH, CPOPMYJIbOBaH1 METa
Ta 3a/Ja4l JOCHIKEHb, HABEJCHI IMOJIO)KCHHS HAyKOBOi HOBH3HU Ta MPAKTUYHOTO
3HAYEHHS OTPUMAaHUX PE3YJIbTATIB.

Y nepwomy po30ini TpoOaHaNI30BaHO METOJU YIPABIIHHSI CTPYKTYpOIO 1
BJIACTUBOCTSIMU JIETKUX OETOHIB TIAPOTEXHIYHMX CHOPYH sl 3a0e3MedeHHs iX
noBrosiyHocTti. HaBeqeHo oriisg OCHOBHMX THIIIB 3alIOBHIOBAYIB IS JIETKUX OETOHIB
3 BpaxXyBaHHSAM MOJJIMBOCTI iX BHKOPHUCTAHHS B MOPCBHKHX TiIpPOTEXHIYHUX
CHopy/iax, MpoaHali30BaHO JOCBIJA €KCIUTyaTaiii TIAPOTEXHIYHUX CHOPY 3 JETKUX
O€TOHIB, 30KpeMa MEepPCIEeKTUBY BUKOPUCTAHHS KEPaM3UTOOETOHIB Ta iX aHaJOTIB
JUIS TUIaBYYHMX 3ai300eTOHHUX cropyd. [lokasaHo, 1m0 €QeKTUBHUM METOI0M
MIJBUIIEHHS JIOBTOBIYHOCTI KEPaM3UTOOETOHIB MJii TOHKOCTIHHMX KOHCTPYKIIIH
TIIPOTEXHIYHUX CIOPYA € BHKOPUCTAHHS MOAUPIKATOPiB, IO BIUIMBAIOTH Ha
KaMuUIIPHO-TIOPUCTY CTPYKTYPY, B MEpIIy Yyepry e(peKTUBHUX CyNepIruiacTudikaTopiB
1 mynonanu. [IpoanamizoBaHo poOOTH, TPHUCBSYCHI BIUIMBY BHIY IIEMEHTY Ha
JIOBrOBIUHICTh O€TOHIB TJIPOTEXHIYHUX CIOPY, a TAKOXK OCOOJIMBOCTSAM CTPYKTYPH
Ta BIJIACTUBOCTEW JekopaTuBHUX OeToHIB. CQopMylnboBaHO pobouy ecinomesy

poOoTH. JIOBrOBIYHICTh KEPAM3UTOOETOHIB B YMOBaX KOMIUIEKCHOI /il cepeoBHUIIa
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eKCIUTyaTallll TOHKOCTIHHUX KOHCTPYKIIM MOPCHKUX TIAPOTEXHIYHUX CIOPYI MOXE
Oyt 3a0e3medeHa Mepepo3NOIITIOM KamiISIPHO-TIOPUCTOI CTPYKTYPH, IO Ma€
CIPHUSATU IMIJABUIICHHIO BOJOHEMPOHUKHOCTI Ta MOPO3OCTIMKOCTI Marepiainy MpH
3a0e3neyeHi KOpo3iiHOI CTIMKOCTI B cylnb(aTHOMy cepenoBuiii. [JocarHyT 1bOro
MOXJIMBO  3aBJSKM  BUKOPUCTAHHIO  €(QEKTHMBHUX  MOJIKapOOKCHUIIATHUX
cynepruiacTudiKaTopiB, M0 A03BOJSIOTH OTPUMYBATH CYMIIIll 3 TPAHUYHO HU3BKUM
B/I1. Kopo3iitHa cTiiikicTh y cynb(aTHOMY cepeAoBUII MOke OyTu 3abe3nedyeHa
HacaMIiepe/i BUKOPUCTAHHIM CYJIb(aTOCTIMKOrO LIEMEHTY, a B YMOBax Ae(iluTy
JTAHOTO B’SDKYYOTO B SIKOCTI albTEPHATH MOKHA PO3TIISIIATH LIEMEHTH 3 MYILIOJaHOM.
Takox JJIs1 TOHKOCTIHHUX TUIABYYMX 3aJ11300€TOHHUX CIIOPY/1 aKTyaJIbHOIO € 3ajada
3HWKEHHS CEepeIHbOI I'YCTUHU KepaM3UTOOETOHIB, JOCATHYTH YOro 0€3 MiJBUIICHHS
INPOHUKHOCTI MaTepialy MOXHa 3a PaXyHOK BHKOPHUCTAHHSI MOPUCTHX IICKIB 3
HU3BKOIO TPOHUKHICTIO, 30KpeMa TIpaHylIbOBaHOTO MmiHOCKIA. [Ipu HeoOxigHOCTI
HAJaHHA KepaM3UTOOETOHAM MOPCHKHX T1JIPOTEXHIYHUX CHOPYA JAEKOPATUBHUX
BJIACTMBOCTEH HANOUIBII IPOCTHM METOJOM BHUPIIICHHS 3aB/IaHHS € BUKOPUCTAHHIM
3aJ1300KUCHUX MIIMEHTIB, $KI MalThb BHUKOPUCTOBYBAaTUCS OJHOYAacCHO 3
epeKTUBHUMHU IIEMEHTaMU 1 cynepruiactTudikaropamu, o 3a0e3nedyroTh
JIOBIrOBIYHICTH MaTepiay.

Y opyeomy po3dini onucaHO METOAMKY MPOBEACHHS AOCTIIXKEHb 1 HaBEACHO
XapaKTepUCTHKU BUKOPHCTaHWX MarepiamiB. HaBemeHa 3aranbHa MOCHITOBHICTB
IpOBEJCHHS JociikeHb. Ha nepwiomy emani nocnigxeHo BIUIMB BUAY LIEMEHTY Ha
JIOBrOBIUHICTh O€TOHIB. [{OCHIIKEHHSI TPOBOIMUIUCS HA HE MOAU(DIKOBAHUX BAXKKUX
OeToHax 1 iX pe3yJbTaTH MOXKHA NEPEHECTH Ha I[IEMEHTHO-MIIIAHy MaTpPHUIIO
KepaM3UTOOETOHIB 3Ba)KAalOUW HA B IUIOMY aHAJOTIYHUW BIUIUB B’SHKYyUOTO Ha
KOpO3iiiHy CTIMKICTh LIEMEHTHOrO KameHio. Ha odpyeomy emani nocimigKeHO BIUIMB
cymnepractTudikaTopa mojaikapOOKCHUIATHOTO THITY 1 MOPUCTUX MICKIB HA CTPYKTYPY,
BJIACTUBOCTI Ta JOBTOBIYHICTh KEPaM3UTOOETOHIB. 3aJaueio JaHOTO eTamy Oyio
BUSIBJICHHSI MOXJIMBOCTI BUKOPHUCTaHHS KEPaM3UTOOETOHIB 3 TMOPUCTUMHU ITICKaAMHU
JUIST TOHKOCTIHHMX KOHCTPYKIIM MOPCBKMX TIAPOTEXHIYHUX CIOPYJ, 30KpeMa

IJIaBYyYMX 3ai300€TOHHMX. BUKOpUCTaHHS MOPHUCTUX TICKIB CHpPSIMOBAaHE Ha
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J0JJaTKOBE 3HIDKEHHS CepeHbOl TYCTHHHU Kepam3utoOeroHiB. Ha mpemvomy emani
JOCITIJIKYBAIACS CTPYKTypa 1 BJIACTUBOCTI MOAU(DIKOBAaHUX KEPaM3UTOOETOHIB 3
MOPUCTUMU  MICKAaMH  Ha  PI3HUX  THUIAX  IEMEHTIB.  Cylb(aTOCTIHKOMY
noptaauanementi CCIIL] 400-/10, noptinanamementi 3 myronaanom 111 II/A-I1-500
P-H, cynwsdatocriiikomy mnymosianoBomy tiementi CEM IV/A(P) 42,5 R-SR. Ha
yemeepmomy emani JOCIIKyBaivcs Gi3UKO-MEXaHIuHI Ta JEKOPaTHUBHI BJIACTUBOCTI
JICKOPAaTUBHUX KEpaM3UTOOCTOHIB. [l'amuti eman TPHUCBSIYCHUN BIIPOBAKCHHIO
pe3yJbTaTiB JOCITIKCHb.

Y mpemvomy po3dini MpoaHaNi30BaHO BIUIMB THUIIY LIEMEHTY Ha CTPYKTYpY,
BJIACTUBOCTI Ta JIOBTOBIUHICTh OCTOHIB (nepuwuti eman pobotH). JlociimkyBanucs He
momudikoBani Oceronn kmaciB  C20/25 1 C30/35 Ha cynbdaroctiikomy
noptnanauementi CCIIL 400-/10 1 moptnanauemenTi 3 mynonxanom [1L] II/A-I1-500
P-H (BmicT nynonanu 8%). BeraHoBieHo, 110 Bakki O€TOHH Ha MOPTIAHIIEMEHTI
[T II/A-T1-500 P-H wmaioTh BOJOHENPOHUKHICT, HA OJIHY MapKy BHIIE, HIXK
aHaJIOT14yH1 3a KiacoM OeToHM Ha cynbdaroctiiikomy noprianauementi CCIIL 400-
J10, Ta piBHY 3 HUMH MOPO30CTiiKicTh. [licis 12 MicsIiB BUTPUMYBAHHS B PIIKOMY
arpeCUBHOMY CyJIb()aTHOMY CEpPEJOBHUIIl HE BHUSBJICHO PI3HUII Yy KOPO3iHHIM
criiikocTi OeroniB kiacy C30/35 Ha cynbgatoctifikomy noptaananementi CCITL]
400-10 1 moprmananementi 3 mynoianom IIII II/A-IT-500 P-H, mo oOGymoBieHo
BHCOKOIO BOJOHENPOHUKHICTIO JaHUX OETOHIB. 32 JaHWMHU PEHTT€HOCTPYKTYPHOTO
aHaI3y BHABJICHO, IO KUIBKICTh €TPUHTITY B [IEMEHTHO-ITIIIAHIM MaTpuIll OETOHIB Ha
cynbdaroctivikomy mnoptriaananemenTi CCIIL 400-10 1 Ha nopTiaaHALEMEHTI 3
MYLIOJAHOM MiCJIi BUTPUMYBAHHS B PIAKOMY arpeCUBHOMY CYJIb(aTHOMY CEpeIOBHILI
€ mnpuOim3Ho oxaHakoBoro. Jlist OetoniB kimacy C20/25, sxi MarTh MEHIIY
BOJOHENPOHUKHICTh, KOpPO3iiiHAa  CTIWKICTh O€TOHYy Ha  CyJb(aTocTiKoMy
nopminaganemMenti CCIIL[ 400-710 € wa 20% BHIIOK, HiK KOpPO3iliHA CTIMKICTH
OeToHy Ha TOPTIAHAIEMEHTI 3 mylonaHoM. [loka3HUWK KOpPO3i1MHOI CTIMKOCTI B
mTy4yHii Mopcebkii Bozl miciast 200 1 300 uukIiIiB 3BOJIOKEHHS 1 BUCYIIIYBaHHS OETOHIB
Ha cynbdatoctiiikomy noptaanaiementi CCIII 400-/10 € Ha 6..16% Bummmmu, Hix

MOKa3HUK KOPO31MHOI CTIMKOCTI OETOHIB Ha MOPTIAHAIEMEHTI 3 myuojaHoMm. [Ipu
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bOMYy O€TOHM Ha 000X LIEMEHTaX MalOTh BHUCOKY KOpPO3IHHY CTIHKICTh B IUTYYHIH
MOpcChKii Boal. TakuM 4yMHOM, 32 YMOBH 3a0€3ME€UYeHHS BUCOKOI BOJAOHEMPOHUKHOCTI
oetonu Ha moptiaanmaieMeHTi 3 mytonadoM I II/A-IT-500 P-H maroth gocraTtHio
MOPO30CTIHKICTh 1 KOPO3iiiHY CTIMKICTh B CyIb(aTHOMY CEpPEIOBHUIII Ta MOPCHKHIA
BOJI1, 110 JI03BOJISIE BUKOPUCTOBYBATH JAHUM BUJ B’SDKYYOIO B SIKOCTI aJlbTEpHATHBU
nedinuTHOMY 06€3700aBoUHOMY cynbdaTocTiiikomy noprianaiuementy CCIIL[ 400-110
B 0€TOHAX MOPCHKHX T1APOTEXHIYHUX CIOPY/I.

Y  uemsepmomy po3Oini TpoaHATI30BaHO BIUIMB IOPUCTHUX MICKIB 1
cynepriactudikatopy  Ha  CTPYKTypy,  BIACTHBOCTI  Ta  JOBTOBIUHICTH
KEepaM3UTOOETOHIB TOHKOCTIHHUX MOPCBKHUX TIAPOTEXHIYHMX crnopyld. Ha opyeomy
emani pobotu JTOCITIKEHO Mou(diKoBaH1 cynepruracTudiKaTopom
noJyikapookcmiaTtHoro turmy Coral ExpertSuid-5 kepam3uroOeToHM 3 pi3HHMH
TUTMIAMU TIICKIB. KBapIOBUM MICKOM, KEpPaM3UTOBUM IIICKOM Ta TpaHyJbOBaHUM
MIHOCKJIOM Yy SIKOCT1 ApiOHOro 3amoBHIOBaua (Mmicky) y ¢dpakmisx 1,25-2,5 mm 1 2,5-
5 mM. Ha nanomy erami i KepaM3UTOOETOHIB BUKOPUCTOBYBABCA CYIb(AaTOCTINKHIA
MOPTIIAHAIEMEHT CCIIL] 400-/10. Bcranogiieno, 1o KUTBKICTh
cynepmiactudikatopy Coral ExpertSuid-5 BimuytHo BrumBae Ha B/Il GeTtoHHUX
CyMmilel, 3a paxyHOK 4YOro BIUIMBA€ Ha MIIHICTh, BOJOHEMPOHUKHICTD 1
MOPO3OCTIUKICT, KepaM3uToOeToHiB. Haiikpami (i3uko-MexaHiyHl MOKa3HUKH
SKOCTI MarOTh KepamM3UTOOETOHHU 3 KuIbKicTIO TuiacTudikaropy Coral ExpertSuid-5
0,8% Bix KITBKOCTI IeMEHTy. MIIHICTh Ha CTHCK KEpamM3UTOOETOHIB, B SIKHX
KBapIoBuid micok ¢pakiiit 1,25..2,5 mm 1 2,5..5 MM 3aMiHEHO KEPaM3UTOBHUM ITICKOM,
nocsirae 26,0 Mlla, minHICTh aHANOrIYHUX OETOHIB 3 T'PAHYJIOBAHUM ITHOCKJIOM
nocsirae 19,4 MIla. MinHicTh Ha pO3TAT TPH  3THHI  BCIX  JTOCIIIKEHUX
KepaM3UTOOETOHIB Ha PI13HUX IMICKaX 3HAXOAUTHCA B AlamnasoHi Bin 4,4 mo 5,5 Mlla.
KepaMm3uToOeTOHM 3 KBapIlOBUM MICKOM 1 3 MMHOCKJIOM B KPYMHHX (Gpakiisx
IpiOHOTO 3amoBHIOBaYa MaioTh BojoHenpoHukHicTh W10..W12. 3amina kBapI1ioBoro
MiCKy TpaHyJbOBAaHUM ITIHOCKJIOM TPAKTUYHO HE BIUIMBAE€ HA BOJOHEIPOHUKHICTH
kepam3utoOerony. [lpm 3acrocyBanHi 50% KepamM3UTOBOrO MICKYy B KpPYHMHHX

dpakiisx  apiOHOro  3amoBHIOBAYa  BOJOHEMPOHUKHICTh  KEPaM3UTOOETOHIB
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3HWKY€EThCA HAa OJHY MapKy, MpU MiJABHUILEHI KIJIbKOCTI KEPaM3WTOBOTO MICKY 0
100% — na nBi Mapku. Bci mocmimkeHi KepaM3UTOOETOHM Ha PI3HUX MICKax Mallu
Mopo3socTiiikicte F400 1 Bume. Ilpu 3actocyBaHHI pallioHaIBbHOI KIJIBKOCTI
cymnepractTugikaTopy Coral ExpertSuid-5 (0,8%) MOPO30CTIHKICTh
Kepam3utoOeToHiB miaBuinyerbest 10 F500..F550. BukopuctanHs rpaHyilb0BaHOTO
MIHOCKJIAa B SIKOCTI YacTUHU ApiOHOTrO 3alOBHIOBAYa 3HIKYE CEPEIIHIO TYCTHUHY
KepaM3HTOOETOHIB B CyXoMy cTaHi 10 piBHs 1400..1440 kr/mM°, y BOKO HACHYCHOMY
crari — g0 1520...1530 kr/m°. TIpy BHKOPHCTAaHHI KEPaM3HTOBOTO IICKY CEPEIHS
IYCTHHA KePaM3HTOOCTOHIB 3HIDKYEThCS BimmoBimHo mo 1510..1570 xr/m® i
1650..1680 «xr/m’. TakuM YHHOM, BCTAHOBICHA MOXIIHMBICTH 3aCTOCYBAHHS
KepaM3UTOOETOHIB Ha MOPUCTUX IMICKAX I TOHKOCTIHHUX KOHCTPYKIIA MOPCHKHUX
TIAPOTEXHIYHUX CIOPYJ, JUIS SIKAX BaXKJIMBO 3HI)KEHHS Bard, NMpu 3a0e3NedeHHI
JIOBrOBIYHOCTI Martepiaiy.

Takox y uemeepmomy po30ini onmucaHl pe3ylbTaTu mpemvoco emany podoTH,
Ha SIKOMY JIOCHIJKE€HI CTPYKTypa 1 BJIACTHMBOCTI MOAM(IKOBAHUX pPallOHAIBHOIO
KinbKicTIO cynepruiactudikaropy Coral ExpertSuid-5 (0,8%) xepam3uToOeTOHIB 3
MOPUCTUMH TICKaMH (KEpaM3UTOBHUM 1 TPAHYJIbOBAHUM IIHOCKJIOM) Ha PI3HUX TUIAX
1eMeHTiB. cynbdaTtoctiiikomy nopriaanaiementi CCIILL 400-/10, mopTnaHaieMenTi 3
nyionadom I II/A-T1-500 P-H (Bmict nymonanu 8%), cynbdarocTidikomy
nynonanoBomy uementi CEM IV/A(P) 42,5 R-SR (Bmict mnynonanu 23%).
Bcranoneno, mo mMoaudikoBaHi KepaM3UTOOETOHM Ha PI3HUX THUIAX IMICKIB 1 Ha
nopmiananementi [ II/A-IT-500 P-H wmatote MilHICTh, MOPO3OCTIHKICTH 1
BOJOHETIPOHUKHICTh HE HUX4YE, HK aHAJIOTIYHI 3a CKJIaJ0M KEepaM3UTOOETOHH Ha
cynbdaroctiikomy noptiaanauementi CCIIL 400-J10. Kepam3utobetonnm Ha
Cyib(haTOCTINKOMY IMyI[OJJAHOBOMY IIEMEHTI MalOTh B CEPEAHbOMY Ha OJHY MapKy
HIOKYY BOJOHETIPOHUKHICTH 1 Ha 50-100 UUKIIIB HUXKYY MOPO30CTIHKICTD, HI’K O€TOHU
Ha nopTinaganemMenti CCIIL 400-J10, mo mosicHioeTbesi BucokuM B/I] GeToHHHMX
cymimeit Ha niementi CEM IV/A(P) 42,5 R-SR. Takum 4iHOM MiATBEPXKEHO, IO B
SAKOCT1 anmpTepHaTUBU cyhbdaroctiiikomy noptiaananementy CCIIL 400-10 nns

KEepaM3UTOOETOHIB TOHKOCTIHHMX KOHCTPYKLIM MOpPCBHKUX TIAPOTEXHIYHUX CHOPYA
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(mpu 3a0e3medyeHHi iX BHUCOKOI BOJOHEMPOHUKHOCTI) MOXKIJIMBO BUKOPHUCTAHHS
nopianauemMenty 3 myuomnanom [ II/A-T1-500 P-H. Ilpu unpomy B XKOpPCTKUX
yMOBaXx €KCILTyaTallii TOHKOCTIHHUX KOHCTPYKIIIH MOPCHKHUX T1IPOTEXHIYHUX CIIOPY/T
HE MOXHA PEKOMEHAYBaTH BUKOPHCTAHHA CyJIb(AaTOCTIIKOTO MyI[0JIAHOBOTO
uementy CEM IV/A(P) 42,5 R-SR uepe3 Bucoky BoAoONOTpeOy IIbOTO B’ SIKYUOTO.

VY n’amomy po30ini HaBeACHO Pe3yJbTaTH JOCTIKEHHS (PI3MKO-MEXaHIYHUX Ta
JEKOPaTUBHUX BIJIACTUBOCTEH JCKOPATHUBHUX (KOJIHOPOBUX) KEpaM3UTOOETOHIB 3
yepBoHuM (Fe;03) i1 sxoBTuM (FEO(OH)) 3aimi300KiCHUMHU MIrMEHTaMH, BUKOHAHI B
pamMKax uemgepmoco emany poOoTH. BcTaHOBIEHO, [0 TpPH BHKOPUCTAHHI
3aJ11300KICHMX TITMEHTIB Yy KuUIbKOCTI a0 20 KIT/M®  MIIHICT (28,5..34,2 Mlla),
BogonenpoHukHicth (W10..W12) 1 mopo3zocriiikicte (F450..F500) nexopatuBHUX
KepaM3UTOOETOHIB MPAKTUYHO HE BIAPI3HAETHCS BiJl JAaHUX TMOKA3HUKIB SKOCTI
KOHTPOJIbHUX KEPaM3UTOOETOHIB. 3a PaxXyHOK TEXHOJIOTIYHOTO MPUMOMY 0O0poOKU
IPaBilo IEMEHTHOIO CYCIIEH31€I0 MOKPAIY€E€ThCSI HACHYCHICTh KOJIbOPY AEKOPATUBHUX
KepaM3UTOOETOHIB, Ka aHajizyBanacs 3a uudposumu ¢oto, Ha 1..1,5 MIla 3pocrae
MIIHICTh OETOHY Ha CTHUCK, Ha OJJHY MapKy 3pOCTa€ BOJOHENPOHUKHICTb. J{J1s OLIbII
CBITJIMX KEpaM3UTOOETOHIB 3 KOBTHUM IITMEHTOM PiBE€Hb >KOBTOIO KOJIbOPY IiJI
BIUTMBOM COHSIYHOTO CBiT/a (MPU «BHUIBITAHHI» MOBEPXHI) 30epiraeThes Kpaie, Hixk
pPIBEHb HYEpPBOHOTO KOJBOPY Yy OUIBII TEMHHUX 3a TOHOM O€TOHax 3 YEPBOHUM
NIrMEeHTOM. MIIHICTh, MOPO30CTIMKICTh, BOJOHENPOHUKHICTh, KOPO31iiHaA CTIUKICTh B
MOpPCBKIA BOJII Ta JIEKOPAaTHUBHI BJIACTUBOCTI MOJU(DIKOBAHUX JIEKOPATUBHUX
KepaM3UTOOETOHIB 3 3ali300KICHUMU MITMEHTaMH Ha OCHOBI CYJb()aTOCTIHKOIro
noptaauanementy CCIIL[ 400-/10 i moptinananementy 3 mynonxanom [11] II/A-IT-500
P-H e 6au3pkumu. Lle 103B0IsI€ BUKOPUCTOBYBATH MOPTIAHAIIEMEHTY 3 MYILIOJAHOM Y
SAKOCT1 aJbpTepHATHBU cyibdarocTiiikomy mnopminanauementy CCIIL 400-10 B
JNEKOpPaTUBHUX  KEpaM3UTOOETOHaX  TOHKOCTIHHMX  KOHCTPYKIIH  MOpPCBHKUX
TIPOTEXHIYHUX CHOpPYA. TaKuM YHMHOM, OyJia JOBEJACHA MOXKJIMBICTh BUKOPUCTAHHS
3aJI1300KUCHUX TOPOIIKOBUX MITMEHTIB y JAEKOPATHMBHUX KepaM3UTOOETOHaX Jis
TOHKOCTIHHUX TIIPOTEXHIYHUX CHOPYJ TpH 3a0e3MeUeHHi IX MIIHOCTI Ta

JIOBFOBIYHOCTI, 30KpeMa y CYJHOOYIIBHUX KepaM3UTOOETOHAX.
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VY pamkax n’amoeo emany poOOTH, SIKHA TaKOXK OMHCAHO Y 1 'SMOoMYy po30ili, 3
BUKOPUCTAHHSM METOJIB IUJJAaHYBaHHS EKCIEPUMEHTY 1 EKCIIepUMEHTAIbHO-
CTATUCTUYHOIO MOJENIIOBaHHA OOpaHO palllOHANIbHI CKIIaJud KEepaM3UTOOETOHIB 3
KEpaM3UTOBUM IIICKOM, a TaKOX TIpaHyJbOBaHUM MmiHOCKIOM. OOpaHi ckiaau
3a0€3Ieuyl0Th BHCOKY JOBIOBIYHICTh KEPaM3UTOOETOHIB IpH €KCIuTyaTalii B
TOHKOCTIHHUX KOHCTPYKIIISIX MOPCBKHMX TIAPOTEXHIYHHUX CIHOPYJ TPH 3HWKCHIM
cepenHiii rycTHHI y BojoHacmdyeHoMy cradi — 1710 Kkr/mM® TIpH BHKOPHCTAHHI
KepaM3UTOBOrO Mmicky i 1600 kr/M® HpH BHKOPHCTAaHHI TPaHYIBOBAHOTO MiHOCKIA.
Pesynbratu nmocnmigkeHb BIPOBAIKEHI Ha XEPCOHCHKOMY JEpXKaBHOMY 3aBO/Ii
«Ilannmana» (BupoOsieHa JgociigHa mnapTis MOAM(IKOBAHOIO KEpamM3UTOOETOHY,
MIPOBEICHO JIOCTIPKEHHS 1010 MOKJIMBOCTI BUKOPUCTAHHS MOPTIAHIIEMEHTY 3
NyLHojJaHoM sl cynHoOyniBHUX OeToHiB), y IIpAT «IBaHOo-DpaHKIBCHKIIEMEHT
(pu BUPOOHUIITBI CYJb()ATOCTINKOTO MOPTIAHILIEMEHTY 1 IIEMEHTIB 3 MYyII0JIaHOM), a
TaKOXX y HaByaJlbHOMY miporieci B OJechKii Aep)kaBHIM akajaemii OyJIIBHUIITBA Ta
apXITEKTYpH.

KaouoBi cjoBa: KepamM3uTOOETOH, TIAPOTEXHIYHA CIOpYJa, MyLOojaH,
cynepriacTudikaTop, TMIHOCKJIO, MIrMEHT, JIOBTOBIUHICTh, CYJIb(aTOCTIHKICTS,

BOJIOHETIPOHUKHICTh, MOPO30CTIMKICTb.
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Research objective is to develop of expanded concrete mixtures with high
stability for thin-walled marine hydraulic structures, in particular floating reinforced
concrete, taking into account the complex action of the operating environment and
the possibility of using rational types of cements.

The introduction substantiates the choice of research topic, its relevance, the
relationship of investigation with scientific programs, plans, topics, formulates the
purpose and objectives of research, the provisions of scientific novelty and practical
significance of the results.

The first section analyzes the methods of structure controlling and properties of
lightweight concrete hydraulic structures to ensure their durability. An overview of
the main types of aggregates for lightweight concrete is given, taking into account the
possibility of their use in marine hydraulic structures, analyzes the operation
experience of lightweight concrete hydraulic structures, in particular the prospects of
using expanded clay and their analogues for floating reinforced concrete structures. It
is shown that an effective method of increasing the durability of expanded clay
concrete for thin-walled hydraulic structures is the use of modifiers, primarily
effective superplasticizers and pozzolana. The works devoted to the influence of the
cement type on the concrete hydraulic structures durability and also to the
peculiarities of the structure and properties of decorative concrete are analyzed. The
working hypothesis of work is formulated. Expanded clay concrete is an effective and
promising material for thin-walled hydraulic structures, in particular floating

reinforced concrete. The stability of expanded clay concrete in the conditions of
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complex action of the operating environment of thin-walled marine hydraulic

structures can be ensured by the introduction of modifiers that increase water
resistance and frost resistance of the material, especially effective polycarboxylate
type superplasticizers. Express condition for stability in seawater is the corrosion
resistance of concrete in a sulfate environment, which can be ensured primarily by
the use of sulfate-resistant cements — straight Portland cements and cements with
pozzolana. Also relevant is the problem of reducing the average density of expanded
clay concrete, which in the construction of hydraulic structures can be solved through
the use of porous sands with low permeability, in particular granular foam glass. The
problem of providing decorative properties to expanded clay concretes of marine
hydraulic structures without deteriorating their durability can be solved by using iron
oxide pigments simultaneously with effective superplasticizers.

The second section describes the research methodology and describes the
materials used. The general sequence of researches is resulted. At the first stage the
influence of cement type on concrete durability is investigated. The studies were
performed on unmodified heavy concretes, but their results can be transferred to
expanded clay concrete due to the generally similar effect of the binder on the
corrosion resistance of lightweight and heavyweight concretes. In the second stage,
the influence of polycarboxylate-type superplasticizer and porous sands on the
properties and durability of expanded clay concretes was investigated. The task of
this stage was to identify the possibility of using expanded clay concrete with porous
sands for thin-walled marine hydraulic structures, in particular floating reinforced
concrete. The use of porous sands is aimed at further reducing the average density of
expanded clay concrete. At the third stage, the structure and properties of modified
expanded clay concrete with porous sands on different types of cements were studied:
sulfate-resistant Portland cement CEM | 32.5 R/SR, Portland cement with pozzolana
CEM II/A-P 42.5 R, sulfate-resistant pozzolanic cement CEM 1V /A(P) 42.5 R-SR.
At the fourth stage the structure, physical-mechanical and decorative properties of
decorative expanded clay concrete were studied. The fifth stage is dedicated to the

implementation of research results.
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The third section analyzes the influence of cement type on the structure,

properties and durability of concrete (the first stage of work). Unmodified concretes
of grades C20/25 and C30/35 on sulfate-resistant Portland cement CEM | 32.5 R/SR
and Portland cement with pozzolana CEM II/A-P 42.5 R (pozzolan content 8%) were
investigated. It was found that heavyweight concretes on Portland cement CEM I1/A-
P 42.5 R have water resistance one grade higher than similar concretes on sulfate-
resistant Portland cement CEM | 32.5 R/SR, and equal frost resistance. After 12
months of aging in a liquid aggressive sulfate medium, no difference was found in the
corrosion resistance of C30/35 class concretes on sulfate-resistant Portland cement
CEM I 32.5 R/SR and Portland cement with pozzolana CEM II/A-P 42.5 R, due to
the high water resistance of these concretes. For C20/25 concretes grade, which have
lower water resistance, the corrosion resistance of concrete on sulfate-resistant
Portland cement CEM 1 32.5 R/SR is 20% higher than the corrosion resistance of
concrete on Portland cement CEM II/A-P 425 R. The corrosion resistance in
artificial seawater after 200 and 300 cycles of wetting and drying of concrete on
sulfate-resistant Portland cement CEM | 32.5 R/SR is 6-16% higher than the
corrosion resistance of concrete on Portland cement with pozzolana CEM II/A-P
42.5 R. But the concretes on both cements have high corrosion resistance in artificial
seawater. Thus, provided that the high water resistance of concrete on Portland
cement with pozzolana CEM II/A-P 42.5R have sufficient frost resistance and
corrosion resistance in sulfate and sea water, which allows the use of this type of
binder as an alternative to scarce additives sulfate-resistant Portland cement CEM |
32.5 R/SR in concretes of marine hydraulic structures.

In the fourth section the influence of porous sands and superplasticizer on the
structure, properties and durability of expanded clay concrete of thin-walled
hydraulic structures is analyzed. In the second stage of the work, expanded
polycarboxylate-type superplasticizer of Coral ExpertSuid-5 type with expanded
types of sands: quartz sand, expanded clay sand and granular foam glass as fine
aggregate (sand) in fractions of 1.25-2.5 mm and 2.5-5 mm. Sulfate-resistant Portland

cement CEM | 32.5 R/SR was used in these expanded clay concretes. It was found
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that the amount of superplasticizer Coral ExpertSuid-5 significantly affects the W/C

of concrete mixtures, thereby affecting the compressive strength, water resistance and
frost resistance of expanded clay concrete. The best physical and mechanical quality
indicators have expanded clay concretes with the amount of plasticizer Coral
ExpertSuid-5 0.8%. The compressive strength of expanded clay concrete, in which
the quartz sand fractions of 1.25-2.5 mm and 2.5-5 mm are replaced by expanded
clay sand, reaches 26.0 MPa, the strength of similar concretes with granular foam
glass in large fractions of fine aggregate reaches 19.4 MPa. The tensile strength in
bending of all studied expanded clay concretes on different sands is in the range from
4.4 to 5.5 MPa. Expanded clay concrete with quartz sand and foam glass in large
fractions of fine aggregate have water resistance W10-W12. Replacement of quartz
sand with granular foam glass has almost no effect on the water resistance of
expanded clay concrete. When using 50% expanded clay sand in large fractions of
fine aggregate, the water resistance of expanded clay concrete is reduced by one
mark, with an increased amount of expanded clay sand to 100% - by two grades. All
studied expanded clay concretes on different sands had frost resistance F400 and
above. When using a rational amount of superplasticizer Coral ExpertSuid-5 (0.8%)
frost resistance of expanded clay concrete increases to F500..F550. Thus, the
possibility of using expanded clay concrete on porous sands for thin-walled marine
hydraulic structures, for which weight loss is important, has been confirmed. The use
of granular foam glass as part of a fine aggregate reduces the average density of
expanded clay concrete in the dry state to the level of 1400..1440 kg/m?, in water-
saturated - up to 1520..1530 kg/m®. When using expanded clay sand, the average
density of expanded clay concrete decreases in accordance with 1510..1570 kg/m®
and 1650-1680 kg/m?>. Also in the fourth section the results of the third stage of work
are described, at which the structure and properties of the expanded amount of Coral
ExpertSuid-5 superplasticizer (0.8%) expanded clay concretes with porous sands
(expanded clay and granular foam glass) on different types of cements are
investigated: CEM 1 32.5 R/SR, Portland cement with pozzolana CEM II/A-P 425 R
(pozzolana content 8%), sulfate-resistant pozzolan cement CEM IV/A(P) 42.5 R-SR
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(pozzolana content 23%). It is established that the modified expanded clay concrete

on different types of sands and on Portland cement CEM II/A-P 42.5 R have strength,
frost resistance and water resistance not lower than similar in composition expanded
clay concrete on sulfate-resistant Portland cement CEM 1 32.5 R/SR. Expanded clay
concrete on sulfate-resistant pozzolanic cement CEM IV/A(P) 42.5 R-SR has on
average one grade lower water resistance and 50-100 cycles lower frost resistance
than concrete on Portland cement CEM | 32,5 R/SR, due to high W/C concrete
mixtures on cement CEM IV/A(P) 42.5 R-SR. Thus, it is confirmed that as an
alternative to sulfate-resistant Portland cement CEM | 32.5 R/SR for expanded clay
concrete thin-walled marine hydraulic structures (while ensuring their high water
resistance) it is possible to use Portland cement with pozzolana CEM II/A-P 42.5 R.
However, in harsh operating conditions of thin-walled marine hydraulic structures,
the use of sulfate-resistant pozzolanic cement CEM IV/A(P) 42.5 R-SR cannot be
recommended due to the high water consumption of this binder.

The fifth section presents the results of the structure study, physical-mechanical
and decorative properties of decorative (colored) expanded clay concrete with red and
yellow iron oxide pigments (the fourth stage of work). It is established that when
using iron oxide pigments in the amount of up to 20 kg/m® strength (28.5-34.2 MPa),
water resistance (W10-W12) and frost resistance (F450-F500) of decorative
expanded clay concrete practically does not differ from these quality indicators of
control concretes. Due to the technological method of gravel treatment with cement
slurry, the color saturation of decorative expanded clay concrete is improved, which
was analyzed by digital photos, the compressive strength of concrete increases by
1-1.5 MPa, water resistance increases by one grade. For lighter expanded clay
concrete with yellow pigment, the level of yellow color under the influence of
sunlight ("fading” of the surface) is better preserved than the level of red color in
darker-toned concrete with red pigment. Strength, frost resistance, water resistance,
corrosion resistance in sea water and decorative properties of modified decorative
expanded clay concretes with ferrous oxide pigments based on sulfate-resistant
Portland cement CEM 1 32.5 R/SR and Portland cement with pozzolana CEM II/A-P
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42.5 R are nearby. This allows the use of cement with pozzolana CEM II/A-P 425 R

as an alternative to sulfate-resistant Portland cement CEM | 32.5 R/SR in decorative
expanded clay concrete thin-walled marine hydraulic structures. Thus, the possibility
of using iron oxide powder pigments in the composition of decorative expanded clay
concrete for thin-walled hydraulic structures while ensuring their strength and
durability, in particular in shipbuilding expanded clay concrete. In the fifth stage of
work, which is also described in the fifth section, using the methods of experimental
planning and experimental-statistical modeling, rational compositions of expanded
clay concrete with expanded clay sand and granular foam glass were selected. The
selected compositions provide high durability of expanded clay concrete in operation
in thin-walled marine hydraulic structures at low average density in the water-
saturated state - 1710 kg/m® when using expanded clay sand and 1600 kg/m* when
using granular foam glass. The results of the research were implemented at the
Kherson State Plant "Pallada” (a pilot batch of modified expanded clay concrete was
produced, a study was conducted on the possibility of using CEM II/A-P 425 R
cement for shipbuilding concrete), at PJSC “lvano-Frankivskcement” (in the
production of sulfate Portland cement and pozzolanic cements), as well as in the
educational process at the Odessa State Academy of Civil Engineering and
Architecture.

Keywords: expanded clay concrete, hydraulic structure, pozzolana,
superplasticizer, foam glass, pigment, durability, sulfate resistance, water tightness,

frost resistance.
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